Background of the Article: Hepatocellular carcinoma (HCC) is one of the most common human malignancies worldwide. Radiofrequency ablation (RFA) is considered curative option in selected patients; efficacy is severely limited by lesion size and lesions bordering a large vessel. On the other hand, transarterial chemoembolization (TACE) is not limited by lesion size and arterial occlusion of the tumor feeding vessels leads to increase the volume of the ablative zone. Combination treatments using both intraarterial liver-directed therapy and percutaneous ablation seek to overcome the disadvantages of the individual treatments alone, theoretically improving response to therapy and survival. Material and Methods: This is a single-center retrospectively study in which patients who received TACE plus RFA for HCC were evaluated for technical success, local tumor progression rates, distant intra and extrahepatic recurrences and survival. Results: The study included 22 patients, 21 patients had a solitary HCC of size 3-7 cm and one patient had three target lesions. Technical success achieved after first session of combination treatment was 100% (24/24). At 1 and 3 months follow-up 100% patients (24 target lesions) had complete response and at 6 months; 21 (87.5%) had complete response, one (4.2%) had local tumor progression and two patients (8.3%) developed progressive disease. No major difference in complication was noted. The event-free survival as shown by Kaplan-Meier graph analysis at 6 and 12 months were 90.7% and 66.4% with mean time to event-free survival was 11.1 months. Conclusion: The combined use of TACE and RFA is a safe and effective option in the treatment of patients with single large or multinodular HCC when surgical resection is not feasible and this approach provides better results than RFA or TACE alone.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common human malignancies worldwide and has an estimated diagnosis of 750,000 new cases every year. The average survival of these patients remains less than a year even after significant advancement in the management and hence the prognosis of HCC patients remains discouraging. [1] According to the Barcelona Clinic for Liver Cancer (BCLC) staging system, surgical approaches, including surgical liver resection and liver transplantation, as well as image-guided tumor ablation, such as radiofrequency ablation (RFA), are regarded as potentially curative treatments for HCC with early stage tumor. [2] The survival rates for patients who achieved a complete response by RFA are comparable to that of patients treated by hepatic resection. [3] Transarterial chemoembolization (TACE) is the standard of palliative care for the intermediate stages according to BCLC staging and treatment. [2] TACE is characterized in most instances by an unsatisfactory long-term outcome due to the inability to achieve complete tumor necrosis and repeated TACE is often required to completely eradicate the residual tumors. Efficiency of TACE is limited and the rate of tumor recurrence or relapse after initial remission or stable disease is very high. [4] Ablations are considered curative options in selected patients; efficacy is severely limited by lesion size and lesions adjoining a large vessel. On the other hand, TACE is not limited by lesion size and arterial occlusion of the tumor feeding vessels leads to increase the volume of the ablative zone. In RFA alone, high rate of local recurrence may be due to residual cancer cells or microscopic satellite tumor nodules, so TACE can eradicate this peripheral viable tissue and micrometastasis. The combination of TACE and RFA has been proved to be comparable with surgical resection in overall survival prolongation for patients within the Milan criteria and also led to good results for patients with HCC exceeding the Milan criteria in many cancer centers. [5] Combination treatments using both intraarterial liver-directed therapy and percutaneous ablation seek to overcome the disadvantages of the individual treatments alone, theoretically improving response to therapy and survival.
Materials and Methods

Patients and groups
This is a single-center retrospective study carried out at a tertiary care teaching hospital after institutional review board and ethical committee approval was obtained for all patients who underwent combination therapy for HCC. A total of 22 patients (24 target lesions) who underwent combination therapy for HCC were included in the study. 
TACE procedure
Superselective conventional TACE was performed through femoral arterial access. Celiac and mesenteric arteriograms were obtained to assess arterial vascularization of the liver through the guiding catheter thereafter superselective cannulation of the segmental artery supplying the tumor was done using microcatheter [ Figure 1 ]. Chemotherapeutic agents (mixture of 50 mg epirubicin, and 10 ml of lipiodol) were infused into the feeding arterial branches of the tumor followed by gel foam embolization to attain stasis in the feeding artery. After completion of TACE procedure RFA was done without removing the femoral arterial sheath. The sheath was kept for an easy access in case of any bleed after RFA.
RFA procedure
RFA was done in same sitting immediately following TACE. All RFA procedures were performed percutaneously using USG or CT guidance with multitined expandable RFA electrode (RITA starburst XL electrode, angioDynamics) and the RF generator (RITA 1500X RF generator, AngioDynamics, Manchester, Georgia). During USG-guided RFA, position of needle was further confirmed under fluroscopy to look for position of tines within the lesion covered by lipiodol [ Figure 1 ]. Lipiodol staining also helped in better detection of tumor on USG. Once the needle was positioned in the lesion, the target temperature of 105°C (we use the automatic temperature control mode) and the power at 150 W was set and the ablation was started. Time of ablation was set according to the size of the tumor (6 min for 2 cm, 7 min for 3 cm and 8 min for 4 cm tumor respectively); for ablating 5-6 cm tumor 4-7 cm internally cooled electrode was used with a pump for continuous saline infusion along the tines. Microbubble cloud produced while doing the RFA was monitored on USG to check the ablation zone, and the same was used as surrogate maker for complete ablation. At the end of the cool-down mode the temperature above 60°C was considered a good indication of complete tumor ablation. The needle track was also ablated while withdrawing the needle from the lesion. Postprocedure USG was done to detect any perihepatic fluid. If there was no evidence of post RFA bleed, arterial sheath was removed. Patient was kept under observation for 4 hours.
Post treatment assessment and follow up
LFT, CBC, INR, and serum LDH(lactate dehydogenage) were done at day 1 after the procedure in all patients. Investigations were repeated as per the requirement and hospital course of the patients. Treatment response was evaluated at 1 month, 3 months and 6 months using the modified response evaluation criteria in solid tumors (mRECIST). At least 6 months follow-up was available for all patients and 11 of 22 patients had >1 year follow-up. During the follow-up period, laboratory tests, including serum AFP, albumin, bilirubin, AST, ALT, INR, hemogram, and a triple phase CT/MRI were performed.
Outcome measure
The technical success (complete ablation) after first session; local tumor progression (LTP) rates; distant intra and extrahepatic recurrences were recorded. The technical success was defined as complete replacement of viable tumor tissue by non-enhancing necrotic (ablated) tissue at 1 month follow-up imaging [ Figure 1 ]. The LTP was diagnosed when a follow-up imaging demonstrated interval development/growth of the tumor along the margin of the ablation zone. The distant intra and extrahepatic recurrence was defined as a new lesion with similar characteristics, having no contact with the ablated tumor in the liver or extrahepatic in location. The event-free survival referred to the time period between procedure and appearance of an event.
Statistical analysis
The local therapeutic efficacy in terms of technique effectiveness, complication, and LTP was assessed on a tumor basis. Mann-Whitney test, repeated measure analysis followed by post hoc comparison by Bonferroni method or Friedman test as appropriate were used for analysis. The event-free survival was calculated by using the Kaplan-Meier method. All statistical analyses were performed using a statistical software program (SPSS 20; SPSS, IMB Corp. Limited, Armonk). A P value of ≤ 0.05 was considered to indicate a significant difference.
Observations and Results
Characteristics of patients [Table 1]
The study included 22 patients (95% males), 21 patients had a solitary HCC of size 3-7 cm, and one patient had three target lesions. Most common etiology of chronic liver disease was ethanol intake (31.8%) followed by hepatitis C virus (HCV) infection (27.3%), nonalcoholic steatohepatitis (NASH) (22.7%) and hepatitis B virus (HBV) infection (18.2%). Mean Child Pugh score and MELD score were 7 ± 1.27 and 14.45 ± 4.44 respectively. Four lesions (16.7%) had diameter range of 5-7 cm and rest 20 lesions in range of 3-5 cm with mean tumor diameter being 4.1 ± 0.91 cm. Lesions with size less than 3 cm were excluded from this study. Segment VIII (33.3%) was most common location with 45.83% lesions being close to vessel (abutting a branch of hepatic artery/portal vein/hepatic vein). Mean serum AFP level was 58.68 ± 86.13 and mean serum bilirubin was 1.14 ± 0.51 mg/dL.
Technical success
At 1 month follow-up all target lesions showed complete response suggestive of 100% technical success.
Treatment response and follow-up [Table 2]
At 1 and 3 months follow-up 100% patients (24 target lesions) had complete response. At 6 months, 21 (87.5%) had complete response, while 1 (4.2%) had LTP. The patient with LTP had a large lesion of tumor diameter of 5.6 cm at the presentation. Two patients (8.3%) developed progressive disease; one of these patients had multifocal HCC at initial presentation. These patients underwent RFA for new lesions and had complete response at 1 month follow-up. Eleven patients with 13 target lesions had 1 year follow-up; 11 (84.6%) had complete response and one patient (7.6%) had LTP having maximum tumor diameter of 5.1 cm at presentation. One patient had progressive disease in the form of distant intrahepatic new lesion.
The event-free survival as shown by Kaplan-Meier graph analysis at 6 months and 12 months were 90.7% and 66.4% with mean time to event-free survival being 11.1 months [ Figure 2 ].
In patients with complete response mean AFP level showed reduction over time [ Table 3 ]. In patients with LTP mean AFP level showed reduction up to 3 months follow-up and increase thereafter. In patients with progressive disease mean AFP level was higher at baseline and during follow-up, as compared to patients with complete response. This indicates that patients with higher AFP level had aggressive HCC with more chances of disease progression over time [ Figure 3 ]. Of 12 patients having Child A status, 1 (8.3%) patient developed progressive disease, while 4 patients with Child B status developed progressive disease. This is attributable to poor status of liver disease in Child B patients [ Table 4 ]. No statistically significant differences were seen in term of baseline INR, Platelet count, serum bilirubin, serum albumin, AST, and ALT in patients with complete response and progressive disease.
Complications
No major complication except post embolization syndrome was noted in 50% patients. They were managed symptomatically by antipyretics and antiemetics. Persistent pain at RFA local site was noted in 31.8%, which was managed by application of Fentanyl transdermal patch. One patient developed mild perihepatic hematoma after RFA. CT angiography was done for identifying the source of bleed in this patient but did not reveal any active bleed and the patient was managed conservatively with resolution of hematoma on follow-up. One patient required repeat hospitalization after 10 days. He had worsening jaundice and abdominal distension. On ultrasound, he had mild ascites. All patients had raised serum LDH level after the procedure and the mean LDH value on post-procedure day 1 was 916.59 ± 351.93.
Discussion
Combination treatment theoretically improve the response to therapy by increasing ablation zone and eradicating the micro metastases around the tumor and indirectly improve the survival. Performing TACE before RFA shows lipiodol deposition within the tumor and helps in precise placement of RFA needle within the tumor. Technical success was achieved in all patients (100%) in this study. At 1 and 3 months follow-up complete response was achieved in all (100%) target lesions. None of the patient had LTP or distant intra/extrahepatic recurrence at 1 and 3 months follow-up. This result shows immense benefit of combination therapy as compared to TACE or RFA alone. As per available literature, its results are better than TACE alone, RFA alone or surgical resection at short term follow-up. Out of all target lesions, 45.83% lesions were close to vessel (abutting a branch of hepatic artery/ portal vein/hepatic vein). Achievement of complete tumor ablation in these patients proves the benefit of preventing heat sink effect by combination therapy. We found 87.5% complete response in the target lesions at 6 months follow-up, 4.2% target lesions developed LTP while 8.3% developed progressive disease in the form of new lesion in distant intrahepatic site. At 1 year follow-up (13 target lesions), 84.6% had complete response, 7.6% had LTP, 7.6% had progressive disease in the form of distant intrahepatic new lesion. LTP in our study can be attributed to large tumor size (both patients had tumor size >5 cm), lesions close to vessels, elongated shape, incomplete tumor capsule and irregular margins. Previous studies have reported LTP rate after RFA in early stage HCC as high as 15.2-41.0% over median follow-up periods ranging from 16.0 to 38.0 months. In comparison, the LTP rates after TACE-RFA have generally been lower than those of RFA alone, with previously published rates of 2.9%-14.5% over median follow-up periods of 37.0-50.0 months. [6] [7] [8] [9] [10] Kim et al. [7] observed LTP in 40% of treated lesions in the combined treatment group and 70% in the RFA-alone group. The 2-year local progression-free survival rate after RFA has been reported to be 74.1% for small (<3 cm) HCC, but only 38.3% for medium (3-5 cm) and large (5-7 cm) HCC. [11] Strong evidence was shown by Carmi et al., in favor of combination treatment for 3 to 5 cm lesions. They showed that response rates, local tumor recurrence rates, and patient survival were much better with combination therapy. [12] LTP is related to locoregional treatment efficacy. Development of distant intra-or extrahepatic new lesion is attributable to underlying liver disease and tumor biology as well. It is not affected by locoregional treatments.
Event-free survival at 6 and 12 months was 90.7% and 66.4% and mean time to event-free survival was 11.1 months. According to Kagawa et al., RFA combined with TACE is an efficient and safe treatment that provides overall survival rates similar to those achieved with surgical resection. In their study, the probabilities of overall survival at 1, 3, and 5 years were similar between the TACE plus RFA and resection groups (TACE plus RFA, 100%, 94.8%, and 64.6%; resection, 92.5%, 82.7%, and 76.9%, respectively). [10] According to Pan et al., treatment by TACE-RFA conferred an overall survival rate comparable with that of surgical resection in patients within the up-to-seven criteria. [13] Liu et al. performed meta-analysis of seven randomized-controlled trials. They showed that RFA plus TACE significantly improved the survival rates of patients with HCC at 1 and 3 years compared with RFA alone. [9] Yang et al. in their meta-analysis concluded that use of TACE plus RFA for intermediate stage hepatocellular carcinoma can attain higher tumor response rates and improve survival rates than TACE alone. [8] According to Xie et al., the 1-, 2-, 3-, 4-and 5-year overall survival rates after RFA and TACE treatment were 97.5%, 89.4%, 84.2%, 80.4% and 78.7%, respectively. [14] In patients with progressive disease mean AFP level was higher at baseline and during follow-up, as compared to patient with complete response. Child B patients showed more chances of disease progression as compared to Child A (40% vs 8.3%). This indicates that patients with higher AFP level and higher child score have advanced liver disease and aggressive tumor behavior leading to higher chances of disease progression over time. 
Conclusion
The combined use of TACE and RFA is a safe and effective option in the treatment of patients with HCC. Combined treatments may be considered an alternative treatment modality in patients with single large or multinodular HCC when surgical resection is not feasible. In particular, this approach seems to provide better results than RFA and TACE alone for the treatment of large HCC exceeding 3 cm in size, significantly improving the efficacy, quality of life and long-term survival of patients. Finally, it could also expand the indication for RFA to previously contraindicated "complex cases", in which the application of RFA alone entails an increased risk of complications (like lesions close to vessels).
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